SUMMARY We have measured muscle fibre diameters using two methods of interactive computer-aided microscopy They are simple to perform, reproducible and more convenient than manual methods of measurement. The technique is of general application to histological measurement.
Measurement of muscle fibre size is important in the assessment of neuromuscular disease, and when combined with enzyme histochemistry demonstrates selective injury of the different muscle fibre types to various insults.' However, widespread use of muscle fibre measurements is restricted by the difficulties of measurement which are reflected in the numerous methods described to record different parameters and by the effort needed in many methods to make the measurement. The cross-sectional area of individual fibres has been assessed.-Others have preferred to measure fibre diameters. Most fibres in cross section are circular or ellipsoid. It has been suggested that orthogonal diameters (major and minor axes) should be measured and the biaxial diameter ratio used as the appropriate measurement.4 However, many workers5 measure only a single diameter in one plane assuming that each fibre is cylindrical and of circular cross section.
To These methods used the Joyce Loebl "Magiscan" image analysis system. The Magiscan is based on a Data General Nova mini-computer and a microprocessor specialised for image analysis. A television camera records the microscopic image which is displayed on a monitor. A "light-pen" allows the observer to interact with image in accordance with a specific program written for each method.
Method 2 ("Two poiznt mnethod") The observer views a televised image of the section on the monitor screen and using the light-pen indicates the two end points of the longest chord perpendicular to the longest diameter of each fibre section. If these end points are A, B, the computer display shows an unequal-armed cross made up of A, B and C. D where the cross line CD is the perpendicular bisector of AB. If the observer had made a good choice then cross line CD should lie along the longest diameter of the fibre (Fig. 1) . If the choice is a bad one then the cross line is clearly seen to be at variance with the longest diameter (Fig.2) . At this point, prompted by the vector display the observer accepts or rejects the line AB and the appropriate width vector. If accepted the line AB remained as a marker on the display showing that the fibre has been measured. If the line AB is rejected it is deleted and a new line selected. When the observer has dealt with all the fibres the pattern on the monitor screen is similar to that produced on the transparent overlay in the manual method.
Method 3 ("Outlinie mnethod") The observer views the microscopic image on the monitor of the Magiscan system and defines each fibre by drawing its outline with a light-pen on the televised image (Fig.3) . The computer approximates to the given outline with the "best ellipse" which fits the outline and measures the minor axis of this ellipse as the muscle "diameter." After measurements a shrunken version of the major and minor (Fig. 4) . In each method 150 fibres of both type I and type 11 from the biopsy were counted. The purpose of this study was to compare methods as used in practice. We have made no attempt to measure identical fibres and our results are based on sets of 150 fibres in fields chosen at random within the whole biopsy. In the computer-based methods the program presents the results as a histogram and calculates the atrophy and hypertrophy factors for the pathologist.
Results
We have made a direct comparison of the results obtained using each method. These methods were compared by (i) the mean within-subject difference, which measures overall agreement and (ii) the standard deviation of the individual differences, which measures between-subject variability around the mean value. Table I shows that the mean and standard deviation of the differences between each pair of methods were very similar for type I and type 11 fibres and for the remaining analyses the two types were not distinguished, but were treated as different samples. Table 2 shows the comparison of the methods for the three groups of subjects; normals, those with hypothyroid myopathy and those with miscellaneous neuromuscular diseases, and for all groups combined.
Overall there was better agreement between the two computer-aided methods than between either of these and the manual method. Moreover, whereas for normals there was a similar degree of agreement between the manual method and the "two point" computer method with the "outline" computer method, for the pathological groups the hand method was rather worse than the "two point" method in its agreement with method 3. For all groups there were some samples where the hand method gave values that were very different from those obtained by the computer-aided methods. This is shown in Table 3 where it can be seen that for one in five samples the hand method gave a mean fibre diameter that was more than 5/,m different from either computer method; usually the hand method gave a higher value.
Discussion
The value of measurement of changes in individual muscle fibres is well established in histological assessment of neuromuscular disease and allows the demonstration of selective injury to metabolically vulnerable fibre types. The particular measurement made has varied but the most commonly used in clinical practice appears to be fibre type measurement as described by Brooke and Engel. The advent of computer-aided microscopy has emphasised area measurements again because of the relative simplicity of simple grey level segmentation techniques.'3 We have preferred to measure fibre diameters both to ensure comparability with other studies and also because obliquity of section distorts area measurements and may make much of a small biopsy unsuitable. Moreover, ATPase staining for fibre differentiation is not always uniform either within a single fibre of between individual fibres of the same type. "Automatic" methods still require time-consuming editing to account for vagaries of staining and particularly to delineate the light staining type I fibres if the analysis relies on grey level segmentation. Alternatively a major and expensive programming effort is necessary to produce a fully automatic routine. The computer methods we described here are based on simple interaction between pathologist and computer. The pathologist uses his interpretative skill to delineate the picture for analysis; the computer then makes the appropriate measurements.
Both the computer-aided methods we describe are faster and more convenient than simple hand measurements on photographs. There is no "true"' answer to such measurements and values obtained by hand measurement and by the "two point" method both depend on subjective decision by the pathologist of the longest fibre diameter. We have therefore compared these results with a more objective measure the minor axis of the "best ellipse" fitting the outline which was obtained by tracing on the screen image of the fibre with the light-pen and requiring only minimal subjective decision by the pathologist.
Our results show that there is better agreement between the two computer methods than between either computer method and manual measurement. However, the discrepancies between manual and computer methods are small and 80t/r of results are within 5,um of each other. We chose the "outline trace" as a more objective measure against which the other methods could be assessed. In working practice. however, it requires more operator effort and is less rapid than the "two point" method. Since the results obtained by the two computer methods do not differ significantly we prefer the "two point" method and it is in routine use in this laboratory It is simple, rapid to perform and the prompting cross line ensures accuracy. This method has been rapidly learned by a variety of staff -students, medical laboratory scientific officers and clinicians -and is readily accepted by them. It is clearly applicable to the measurement of other tissue components and is a technique of general application.
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